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Abstract
We consider the possibility of texture zeros in lepton mass matrices of the minimal left-right
symmetric model (LRSM) where light neutrino mass arises from a combination of type I and type
II seesaw mechanisms. Based on the allowed texture zeros in light neutrino mass matrix from
neutrino and cosmology data, we make a list of all possible allowed and disallowed texture zeros
in Dirac and heavy neutrino mass matrices which appear in type I and type II seesaw terms of
LRSM. For the numerical analysis we consider those cases with maximum possible texture zeros in
light neutrino mass matrix Mν , Dirac neutrino mass matrix MD, heavy neutrino mass matrix MRR
while keeping the determinant of MRR non-vanishing, in order to use the standard type I seesaw
formula. The possibility of maximum zeros reduces the free parameters of the model making it more
predictive. We then compute the new physics contributions to rare decay processes like neutrinoless
double beta decay, charged lepton flavour violation. We find that even for a conservative lower
limit on left-right symmetry scale corresponding to heavy charged gauge boson mass 4.5 TeV, in
agreement with collider bounds, for right-handed neutrino masses above 1 GeV, the new physics
contributions to these rare decay processes can saturate the corresponding experimental bound.
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I. INTRODUCTION
The fact that neutrinos have non-zero but tiny masses and large mixing has been well
established by several neutrino experiments [1–9] during the last two decades. For a review of
neutrino mass and mixing, please see [10, 11]. Among the above-mentioned experiments, the
relatively recent ones like T2K [5], Double Chooz [6], Daya Bay [7], RENO [8] and MINOS [9]
experiments have not only confirmed the results from earlier experiments but also discovered
the non-zero reactor mixing angle θ13. For a recent global fit of neutrino oscillation data, we
refer to [12, 13]. The latest global fit shows that a few details of the light neutrinos are yet to
be determined experimentally. They are namely, the Dirac CP phase, octant of atmospheric
mixing angle and the ordering of light neutrinos: normal ordering (NO) or inverted ordering
(IO). Also, the nature of neutrinos (Dirac or Majorana) remains unknown at oscillation
experiments. If neutrinos are Majorana fermions, there arise two more CP phases known
as Majorana CP phases, which can not be determined by oscillation experiments and have
to be probed at alternative experiments. Apart from neutrino oscillation experiments, the
neutrino sector is constrained by the data from cosmology as well. For example, the latest
data from the Planck mission constrain the sum of absolute neutrino masses
∑
i|mi| < 0.12
eV [14].
Although we have significant experimental observations related to the neutrino sector
except for the above-mentioned unknowns, the dynamical origin of light neutrino masses
and their mixing is still a mystery. The standard model (SM) of particle physics, which gives
a successful description of all fundamental particles and their interactions (except gravity)
can not explain the lightness of neutrinos. The Higgs field in the SM which is responsible
for generating masses to all known particles do not have coupling to neutrinos as the right-
handed (RH) neutrinos are absent. One can generate a light Majorana mass term for light
neutrinos in the SM through the dimension five Weinberg operator [15] of type (LLHH)/Λ
with the introduction of an unknown cutoff scale Λ. Several beyond standard model (BSM)
proposals have been put forward which can provide a dynamical origin of such operators in
a renormalizable theory. This is typically achieved in the context of seesaw models where
a seesaw between the electroweak scale and the scale of newly introduced fields decide the
smallness of neutrino masses. Popular seesaw models can be categorized as type I seesaw
[16–19], type II seesaw [20–24], type III seesaw [25] among others like [26, 27].
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One very popular BSM scenario is the framework of the left-right symmetric model
(LRSM) [28–38] where the gauge symmetry of the SM is extended to SU(3)c × SU(2)L ×
SU(2)R × U(1)B−L so that the right-handed fermions (which are singlet in SM) can form
doublets under the new SU(2)R. This not only makes the inclusion of right-handed neutrino
automatic, but also puts the left and right-handed fermions on equal footing. If we also in-
corporate an additional discrete left-right symmetry to ensure that the theory is invariant
under SU(2)L ↔ SU(2)R. So the model can explain the origin of parity violation in weak
interaction by considering a parity symmetric theory at high energy scale where the corre-
sponding gauge symmetry breaks spontaneously leading to the parity-violating SM at low
energy. In the minimal LRSM, the light neutrino masses arise naturally from a combination
of type I and type II seesaw. It should be noted that the idea of combining type I and type
II seesaw mechanisms for light neutrino masses was pursued in several earlier works too, for
example, [39–41]. The gauge symmetry, as well as the particle content of minimal LRSM,
can also be accommodated within popular grand unified theory (GUT) models like SO(10).
Apart from this, another interesting motivation for this model is its verifiability. A TeV
scale LRSM can have very interesting signatures which are being looked at colliders [42–
46]. There also exist different other phenomenological consequences which can be probed at
experiments in both energy as well as intensity frontiers.
Typical seesaw models in the absence of specific flavour symmetries usually predict a
very general structure of light neutrino mass matrix which can always be fitted to the
observed data due to the presence of many free parameters. The same is true in LRSM as
well. However, if the theory has a well-motivated underlying symmetry that gives rise to a
very specific structure of the neutrino mass matrix, the number of free parameters can be
significantly reduced. In such a case, we can have very specific predictions for light neutrino
parameters like CP phase, octant of atmospheric mixing angle, mass ordering which can
be tested at ongoing experiments. Here we consider such a possibility where an underlying
symmetry can restrict the mass matrix to have non-zero entries only at certain specific
locations. Such scenarios are more popularly known as zero texture models, a nice summary
of which within three neutrino framework can be found in the review article [47] 1. In
the diagonal charged lepton basis, if the light neutrino mass matrix has some textures, the
corresponding constraints can be solved to find the light neutrino parameter space that
1 Also see [48–52] for texture related works in different contexts.
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satisfies them. Depending on the viability of this parameter space in view of the latest
neutrino oscillation data, one can discriminate between different textures. Also, the allowed
textures often predict non-trivial values for unknown parameters that can be tested at
different experiments. It has already been shown in earlier works that in the diagonal
charged lepton basis, not more than two zeros are allowed in the light neutrino mass matrix.
While all six possible one zero texture (6Cn, n = 1) are allowed, among the fifteen possible
two zero textures, only six were found to be allowed after incorporating both neutrinos
as well as cosmology data [53–58]. Since in LRSM, several mass matrices play a role in
generating light neutrino mass matrix due to the combination of type I and type II seesaw,
the requirement of getting the allowed texture zeros in light neutrino mass matrix can
constrain the texture zeros of all other mass matrices in the lepton sector namely, the Dirac
neutrino mass MD and heavy neutrino mass MRR. Making a list of all these possibilities
while classifying the allowed and disallowed ones is the primary goal of this work2. We
not only make such a list considering all possibilities of texture zeros but also perform a
numerical analysis for one zero and two zero light neutrino textures as well as a scenario
where other mass matrices involved in the seesaw can have a maximum number of zeros.
To be more specific, for our numerical analysis, we considered five zero textures in MD and
four zero textures in MRR, keeping the rank of the latter three. Out of 378 total possibilities
belonging to this list, we find that 189 are allowed from light neutrino data, out of which 109
give rise to two zero textures in light neutrino mass matrix. The case for a maximum number
of zeros is particularly chosen due to their more predictive nature. We not only find the
correlations among light neutrino parameters, but also find the new physics contribution to
other interesting processes like neutrinoless double beta decay (NDBD) and charged lepton
flavour violation (CLFV). As these processes are being probed at several experiments, this
study points out the possibility of probing such scenarios at those experiments. Such aspects
of probing LRSM can be complementary to the ongoing collider searches mentioned earlier.
This paper is organized as follows. In section II, we review the LRSM with its particle
content and mass spectrum followed by the details of the texture structures of the Dirac
and Majorana mass matrices in section III. We then summarize the contributions to NDBD
and CLFV in LRSM in section IV, V respectively. We discuss our numerical analysis and
2 Please see [59–61] and references therein for texture zero works in 3 + 1 neutrino scenarios and [62] for
related phenomenological study of texture zeros in all relevant lepton mass matrices of a particular seesaw
model.
4
results in section VI and then finally conclude in section VII.
II. MINIMAL LEFT-RIGHT SYMMETRIC MODEL
As mentioned before, the left-right symmetric model is a very well motivated and widely
studied extension of the SM with an enlarged gauge symmetry based on SU(3)c× SU(2)L×
SU(2)R × U(1)B−L [28–38]. The theory removes the disparity between the left and right-
handed fields by considering the right-handed fields to be doublet under the additional
SU(2)R keeping the right sector couplings same as the left one by left-right symmetry.
Therefore, the fermion field content of the minimal LRSM can be written as
QL =
 uL
dL
 ≡ (3, 2, 1, 1
3
)
,QR =
 uR
dR
 ≡ (3, 1, 2, 1
3
)
(1)
lL =
 νL
eL
 ≡ (1, 2, 1,−1) , lR =
 νR
eR
 ≡ (1, 1, 2,−1) (2)
where the numbers in brackets represent the quantum numbers under the the gauge group
SU(3)c × SU(2)L × SU(2)R × U(1)B−L. The Higgs sector of the minimal LRSM consists of
two SU(2)L triplets ∆L,R and a bi-doublet φ given by
Φ =
 φ01 φ+1
φ−2 φ
0
2
 ≡ (φ1, φ˜2) ,∆L,R =
 δL,R√2 + δ++L,R
δ0L,R −δL,R√
2
+.
 , (3)
with the quantum numbers Φ(1, 2, 2, 0) and ∆L(1, 3, 1, 2), ∆R(1, 1, 3, 2) respectively.
The relevant Yukawa Lagrangian giving masses to the three generations of leptons is
given by,
L = hijlL,iΦlR,j + h˜ijlL,iΦ˜lR,j + fL,ijlL,iTCiσ2∆LlL,j + fR,ijlR,iTCiσ2∆RlR,j + h.c, (4)
where the indices i, j = 1, 2, 3 represent the family indices for the three generations of
fermions. C = iγ2γ0 is the charge conjugation operator, Φ˜ = τ2φ
∗τ2 and γµ, τ2 are the
Dirac and Pauli matrices respectively. Discrete left-right symmetry ensures the equality of
Majorana Yukawa couplings fL = fR apart from the equality of gauge couplings of SU(2)L,R
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sectors gL = gR. The scalar potential Vscalar is given by
Vscalar = −µ21Tr
[
Φ†Φ
]− µ22Tr[Φ†Φ˜ + Φ˜†Φ]− µ23Tr[∆†L∆L + ∆†R∆R]+ λ1(Tr[Φ†Φ])2
+ λ2
{(
Tr
[
Φ†Φ˜
])2
+
(
Tr
[
Φ˜†Φ
])2}
+ λ3Tr
[
Φ†Φ˜
]
Tr
[
Φ˜†Φ
]
+ λ4Tr
[
Φ†Φ
]
Tr
[
Φ†Φ˜ + Φ˜†Φ
]
+ ρ1
{(
Tr
[
∆†L∆L
])2
+
(
Tr
[
∆†R∆R
])2}
+ ρ2
{
Tr
[
∆L∆L
]
Tr
[
∆†L∆
†
L
]
+ Tr
[
∆R∆R
]
Tr
[
∆†R∆
†
R
]}
+ ρ3Tr
[
∆†L∆L
]
Tr
[
∆†R∆R
]
+ ρ4
{
Tr
[
∆L∆L
]
Tr
[
∆†R∆
†
R
]
+ Tr
[
∆†L∆
†
L
]
Tr
[
∆R∆R
]
+ α1Tr
[
Φ†Φ
]
Tr
[
∆†L∆L + ∆
†
R∆R
]
+
{
α2
(
Tr
[
Φ†Φ˜
]
Tr
[
∆†L∆L
]
+ Tr
[
Φ˜†Φ
]
Tr
[
∆†R∆R
])
+ h.c.
}
+ α3Tr
[
ΦΦ†∆L∆
†
L + Φ
†Φ∆R∆
†
R
]
+ β1Tr
[
Φ†∆†LΦ∆R + ∆
†
RΦ
†∆LΦ
]
+ β2Tr
[
Φ†∆†LΦ˜∆R + ∆
†
RΦ˜
†∆LΦ
]
+ β3Tr
[
Φ˜†∆†LΦ∆R + ∆
†
RΦ
†∆LΦ˜
]
,
(5)
where we have introduced scalar mass parameters µi and quartic scalar interaction strengths
λi, ρi, αi and βi. In the symmetry breaking pattern, the neutral component of the Higgs
triplet ∆R acquires a vacuum expectation value (VEV) to break the gauge symmetry of the
LRSM into that of the SM and then to the U(1) of electromagnetism by the VEV of the
neutral components of Higgs bidoublet Φ:
SU(2)L × SU(2)R × U(1)B−L 〈∆R〉−−−→ SU(2)L × U(1)Y 〈Φ〉−→ U(1)em.
The VEVs of the neutral components of the Higgs fields can be denoted as
〈φ01,2〉 =
k1,2√
2
and 〈∆0L,R〉 =
vL,R√
2
, (6)
where the VEV’s k1, k2 satisfy the VEV of the SM namely, vSM =
√
k21 + k
2
2 ≈ 246 GeV.
The VEV vL which plays a significant role in neutrino mass mechanism is generated after
the electroweak symmetry breaking due to the following induced VEV relation
〈∆L〉 = vL = γv
2
SM
vR
. (7)
Here, γ is a dimensionless parameter given by [37]
γ =
β1k1k2 + β2k1
2 + β3k2
2
(2ρ1 − ρ3)k2 . (8)
In order to satisfy the electroweak precision test constraints, vL should be smaller than
2 GeV [63], and the above breaking pattern of gauge symmetry enforces vR to be much
greater than k1,2.
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The 6× 6 neutrino mass matrix is then given, in the (νL, νR) gauge eigenbasis, by
M =
√2fvL MD
MTD MR
 =
MLL MD
MTD MRR
 (9)
Assuming MLL MD MR, the light neutrino mass after symmetry breaking is generated
within a type I+II seesaw as,
Mν = Mν
I + Mν
II (10)
Mν = MLL −MDMRR−1MDT =
√
2vLfL − v
2
SM√
2vR
hDfR
−1hD
T , (11)
MD =
1√
2
(k1h+ k2h˜),MLL =
√
2vLfL,MRR =
√
2vRfR, (12)
hD =
(k1h + k2h˜)√
2vSM
. (13)
MD, MLL and MRR being the Dirac neutrino mass matrix, left-handed and right-handed
Majorana mass matrix respectively. The first and second terms in equation (12) correspond
to type II seesaw and type I seesaw contributions respectively.
The 6× 6 neutral lepton mass matrix can be diagonalized by a 6× 6 unitary matrix, as
follows,
VTMV =
 M̂ν 0
0 M̂RR
 , (14)
where, V represents the diagonalizing matrix of the full neutrino mass matrix, M , M̂ν =
diag(m1,m2,m3), with mi being the light neutrino masses and M̂RR = diag(M1,M2,M3),
with Mi being the heavy right-handed neutrino masses. V is thus represented as,
V =
 U S
T V
 ≈
 1− 12RR† R
−R† 1− 1
2
R†R
 Vν 0
0 VR
 , (15)
where, R describes the left-right mixing and given by,
R = MDM
−1
RR +O(M3D(M−1RR)3). (16)
The matrices U, V, S and T are as follows,
U =
[
1− 1
2
MDM
−1
RR(MDM
−1
RR)
†
]
Vν , V =
[
1− 1
2
(MDM
−1
RR)
†
MDM
−1
RR
]
VR (17)
S = MDM
−1
RRVR, T = −(MDM−1RR)†Vν . (18)
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The gauge boson mass spectra can be found similarly. The left-right gauge boson mixing
is given by W±L
W±R
 =
 cos ξ sin ξeiα
− sin ξe−iα cos ξ
W±1
W±2
 , (19)
with the mixing parameter ξ represented by
tan 2ξ = − 2k1k2
v2R − v2L
. (20)
Without any loss of generality, we make use of rotation in the SU(2)L × SU(2)R space so
that only one of the neutral components of the Higgs bidoublet acquires a large vacuum
expectation value, k1 ≈ vSM and k2 ≈ 0. This corresponds to negligible mixing ξ.
Under those assumptions, we neglect all contributions to the gauge boson masses that
are proportional to vL, so that these masses approximatively read
M2WL =
g2
4
k21 , M
2
WR
=
g2
2
v2R , M
2
Z =
g2k21
4 cos2 θW
(
1− cos
2 2θW
2 cos4 θW
k21
v2R
)
, M2Z′ =
g2v2R cos
2 θW
cos 2θW
,
(21)
with θW indicating the weak mixing angle.
Under these assumptions, the Dirac neutrino mass matrix is
MD =
1√
2
(k1h) (22)
while the charged lepton mass matrix is
Ml =
1√
2
(k1h˜) (23)
which points out the freedom in choosing Ml and MD as we do in the subsequent sections.
III. TEXTURE ZEROS IN LEPTON MASS MATRICES OF LRSM
As mentioned earlier, texture zeros in lepton mass matrices increase the predictive power
of the model due to a decrease in the number of free parameters [47–50, 53–58]. Since the
light neutrino mass comes from a combination of type I seesaw term MDMRR
−1MDT and
a type II seesaw term MLL ∝ MRR, the requirement of having allowed number of zeros in
the light neutrino mass matrix can constrain the texture zeros in MD,MRR in an interesting
way. Although Mν can have at most six zeros (only 6 out of 15 allowed), we can have
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more texture zero possibilities in MD,MRR. Since MD is not necessarily Hermitian, we can
have nine independent elements so that n texture zeros can have 9Cn possibilities. On the
other hand, MRR, being complex symmetric can have six independent elements will have
6Cn possibilities for n texture zeros. While finding texture zeros in MRR we, however, make
sure that the determinant is non-zero so that the type I seesaw formula can be applied. We
classify these texture zero possibilities as follows.
• The different classes of 4-0 texture MRR with non zero determinant are:
MRR =

0 w 0
w 0 0
0 0 x
 ,MRR =

0 0 w
0 x 0
w 0 0
 ,MRR =

w 0 0
0 0 x
0 x 0
 (24)
• The different classes of 3-0 texture MRR with non zero determinant are:
MRR =

0 0 w
0 x y
w y 0
 ,MRR =

0 w x
w 0 y
x y 0
 ,MRR =

0 w 0
w x 0
0 0 y
 (25)
MRR =

0 0 w
0 x 0
w 0 y
 ,MRR =

0 w 0
w 0 x
0 x y
 ,MRR =

w 0 0
0 0 x
0 x y
 (26)
MRR =

w 0 0
0 x y
0 y 0
 ,MRR =

w 0 0
0 x 0
0 0 y
 ,MRR =

w x 0
x 0 0
0 0 z
 (27)
MRR =

w x 0
x 0 y
0 y 0
 ,MRR =

0 w 0
w 0 x
0 x y
 ,MRR =

0 w 0
w x 0
0 0 y
 (28)
MRR =

w x 0
x 0 y
0 y 0
 (29)
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• The different classes of 2-0 texture MRR with non zero determinant are:
MRR =

0 0 w
0 x y
w y z
 ,MRR =

0 x 0
x y z
0 z u
 ,MRR =

w x 0
x 0 y
0 y z
 (30)
MRR =

w 0 x
0 y z
x z u
 ,MRR =

w 0 x
0 0 y
x y z
 ,MRR =

w x 0
x y z
0 z u
 (31)
MRR =

w x y
x 0 z
y z 0
 ,MRR =

w x y
x 0 0
0 0 z
 ,MRR =

w x y
x z 0
y 0 0
 (32)
MRR =

0 w x
w 0 y
x y z
 ,MRR =

0 w x
w y z
x z 0
 ,MRR =

0 w x
w y 0
x 0 z
 (33)
MRR =

w 0 0
0 x y
0 y z
 ,MRR =

w 0 x
0 y 0
x 0 z
 ,MRR =

w x 0
x y 0
0 0 z
 (34)
• The different classes of 1-0 texture MRR with non zero determinant are:
MRR =

0 w x
w y z
x z u
 ,MRR =

w 0 x
0 y z
x z u
 ,MRR =

w x 0
x 0 y
0 y z
 (35)
MRR =

w x y
x 0 z
y z u
 ,MRR =

w x y
x z 0
y 0 u
 ,MRR =

w x y
x z u
y u 0
 (36)
The different number of allowed texture structures obtained for the various combinations
of 5-0, 4-0, 3-0, 2-0 and 1-0 MD with 4-0, 3-0, 2-0, 1-0 MRR are shown in tabular form in
table I. However, for detailed numerical analysis, we will consider the right-handed Majorana
10
MRR and MD textures Total textures 1-0(A) 2-0(A) No-0(A) Total (A)
5-0 MD, 4-0 MRR 378 62 109 18 189
5-0 MD, 3-0 MRR 1638 628 23 481 1132
5-0 MD, 2-0 MRR 1890 553 73 1155 1781
4-0 MD, 4-0 MRR 378 161 76 70 307
4-0 MD, 3-0 MRR 1638 504 114 928 1546
4-0 MD, 2-0 MRR 1890 277 34 1534 1845
4-0 MD, 1-0 MRR 756 40 716 756
3-0 MD, 4-0 MRR 252 78 133 211
3-0 MD, 3-0 MRR 1092 168 19 896 1083
3-0 MD, 2-0 MRR 1260 68 6 1179 1253
3-0 MD, 1-0 MRR 504 9 495 504
2-0 MD, 4-0 MRR 108 12 96 108
2-0 MD, 3-0 MRR 468 15 453 468
2-0 MD, 2-0 MRR 540 4 536 540
2-0 MD, 1-0 MRR 216 216
1-0 MD, 4-0 MRR 27 27 27
1-0 MD, 3-0 MRR 117 117 117
1-0 MD, 2-0 MRR 135 135 135
1-0 MD, 1-0 MRR 54 54 54
TABLE I. Different number of allowed (A) texture zero neutrino mass for different textures of MD
and MRR. The blank boxes mean no possibilities.
mass matrix with the highest number of zeros, i.e 4-0 texture MRR as given by equation
24. Similarly, we will consider MD with 5 zeros (maximum) which can phenomenologically
provide the allowed zero textures in the light neutrino mass matrix. Furthermore, from
table II, we will take into consideration only the allowed cases of two texture zero structures
of light neutrino mass matrix. Out of a total of 6C2 i.e., 15 two texture zeros of ν mass
matrix, 6 are totally allowed by neutrino and cosmology data. It should be noted that
11
MRR 1-0(A) 2-0(A) No-0(A) 2-0(NA) 3-0(NA) 4-0(NA) Total MD
1 20 27 6 48 23 2 126
2 20 27 6 51 20 2 126
3 22 55 6 21 20 2 126
TABLE II. Number of different textures obtained for 5-0 MD, 4-0 MRR (with rank 3). A and NA
in brackets represent allowed and not allowed cases.
these conclusions hold for diagonal charged lepton basis which we also adopt in our analysis.
These allowed two zero texture light neutrino mass matrices are given as
A1 =

0 0 ×
0 × ×
× × ×
 , A2 =

0 × 0
× × ×
0 × ×
 (37)
B1 =

× × 0
× 0 ×
0 × ×
 , B2 =

× 0 ×
0 × ×
0 × 0
 , B3 =

× 0 ×
0 0 ×
× × ×
 , B4 =

× × 0
× × ×
0 × 0
 (38)
where × denotes any non-zero entry. Since we have only three possible MRR structures with
non zero determinants (as given in equations 24), the possibilities of obtaining the allowed
two zero texture neutrino mass matrix for a particular texture of MRR are also limited. The
allowed two zero textures obtained for the three different MRR textures are (A2, B1), (A1,
B2) and (B1, B2, B3, B4) respectively for MD with five zeros. Herein we have picked up
these combinations of MD and MRR which lead to the allowed class of two zero texture
neutrino mass in the framework of minimal LRSM.
• For the class A1 (Mee = 0,Meµ = 0)
MRR =

0 0 w
0 x 0
w 0 0
 ,MD =

0 0 a3
0 b2 0
0 c2 c3
 (39)
• For the class A2 (Mee = 0,Meτ = 0)
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MRR =

0 w 0
w 0 0
0 0 x
 ,MD =

0 0 0
0 b3 0
c1 c2 c3
 (40)
• For the class B1 (Meτ = 0,Mµµ = 0)
MRR =

w 0 0
0 0 x
0 x 0
 ,MD =

0 a2 a3
0 b2 0
c1 0 0
 (41)
MRR =

0 w 0
w 0 0
0 0 x
 ,MD =

a1 0 a3
0 b2 0
c1 0 0
 (42)
• For the class B2 (Meµ = 0,Mττ = 0)
MRR =

w 0 0
0 0 x
0 x 0
 ,MD =

0 0 a3
b1 0 b3
0 c2 0
 (43)
MRR =

0 0 w
0 x 0
w 0 0
 ,MD =

a1 a2 0
b1 0 0
0 0 c3
 (44)
• For the class B3 (Meµ = 0,Mµµ = 0)
MRR =

w 0 0
0 0 x
0 x 0
 ,MD =

0 a2 a3
0 0 0
c1 0 c3
 (45)
• For the class B4 (Mµµ = 0,Mττ = 0)
MRR =

w 0 0
0 0 x
0 x 0
 ,MD =

0 a2 0
b1 b2 b3
0 0 0
 (46)
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Although our study is motivated from a phenomenological point of view, it is worth men-
tioning that the texture zeros in fermion mass matrices can have dynamical origin from
flavour symmetries. See, for example, the scenarios proposed in [64–74] where discrete as
well as continuous symmetries were considered to explain the texture zeros. In particular,
the recent work [66] considered a different version of LRSM where charged fermions receive
masses from a universal seesaw mechanism while neutrinos acquire masses at the radiative
level. A non-abelian discrete flavour symmetry based on the 4(27) group was incorporated,
leading to predictive textures of different fermion mass matrices. We leave such a flavour
symmetric explanation of the textures considered here for future works.
Phenomenological implications of two texture zero Mν on low energy phenomena like
NDBD and CLFV have been analyzed in one of our earlier work [58]. However, in that case,
the authors have considered the two zero texture mass matrix to be favouring a tri-maximal
mixing pattern. Besides, all the contributions to NDBD that could arise in the framework
of LRSM were not taken into consideration. Here we generalize this to consider maximum
allowed texture zeros that is 5-0 MD and 4-0 MRR giving rise to the allowed two zero texture
neutrino mass matrix and then study the implications of these MD and MRR for NDBD,
considering all the possible contributions that could arise in LRSM and also study for lepton
flavour violating processes like µ→ eγ and µ→ 3e.
IV. NEUTRINOLESS DOUBLE BETA DECAY IN LRSM
Neutrinoless double beta decay is a process where a nucleus emits two electrons thereby
changing its atomic number by two units
(A,Z)→ (A,Z + 2) + 2e−
with no neutrinos in the final state. Such a process violates lepton number by two units
and hence is a probe of Majorana neutrinos, which are predicted by generic seesaw models
of neutrino masses. For a review and recent status of NDBD, please refer to [75–77]. Apart
from probing the intrinsic nature of light neutrinos, NDBD can also be used to discrimi-
nate between neutrino mass hierarchies: normal versus inverted. From the measurement of
NDBD half-life combined with sufficient information about the phase space factors (PSF)
and associated nuclear matrix element (NME), one can set constraints on the absolute neu-
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trino mass scales. If light neutrinos are Majorana, we can get a sizeable contribution to
NDBD especially when the ordering is of inverted type. There have been several works
where BSM contributions to NDBD have been calculated. For example, see [78–85] and
references therein. In the LRSM scenario, it has been widely studied in several earlier
works including [86–98]. Owing to the presence of many new heavy particles in LRSM,
sizeable new contributions of NDBD decay amplitudes arises which may be dominant over
the standard mechanism mediated by light neutrinos. Out of the different NDBD experi-
ments, KamLAND-Zen [99] has reported a strong lower limit on the half-life from searches
on 136Xe as T0ν1/2 > 1.07× 1026 year at 90% C. L. This can be translated to an upper limit
of effective Majorana mass in the range (0.061− 0.165) eV where the uncertainty arises due
to the NME.
FIG. 1. Feynman diagrams corresponding to neutrinoless double beta decay due to ν−WL−WL,
N −WL −WLcontributions.
FIG. 2. Feynman diagrams corresponding to neutrinoless double beta decay due to ν−WR−WR,
, N −WR −WR contributions.
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FIG. 3. Feynman diagrams corresponding to neutrinoless double beta decay due to N −WL−WR
mediation with heavy-light neutrino exchange and WL −WR mixing (λ and η contributions).
FIG. 4. Feynman diagrams corresponding to neutrinoless double beta decay due to ∆L −WL
∆R −WR contributions.
We show all the contributions to NDBD in minimal LRSM in terms of corresponding
Feynman diagrams in figure 1, 2, 3, 4. We now list their respective contributions below one
by one following the notations of [97].
• When light and heavy neutrinos are the source of NDBD mediated by purely left
handed (LH) currents (WL−WL ) as shown in figure 1, the corresponding amplitudes
are given by,
Aν
LL ∝ G2F
∑
i
Uei
2mi
p2
,AN
LL ∝ G2F
∑
i
Sei
2Mi
p2
. (47)
where, |p| ∼ 100 MeV is the typical momentum transfer at the leptonic vertex, U and
S represent the mixing matrices as given in equations 17 and 18, mi and Mi are the
masses for the three generations of light and heavy Majorana neutrinos respectively.
• The right-handed current mediated by WR can contribute to NDBD through the ex-
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change of the light as well as heavy neutrino N (as shown in figure 2). The corre-
sponding amplitudes are given by,
Aν
RR ∝ G2F
∑
i
(
MWL
MWR
)4(
gR
gL
)4 T∗ei2mi
p2
, (48)
AN
RR ∝ G2F
∑
i
(
MWL
MWR
)4(
gR
gL
)4 V∗ei2Mi
p2
, (49)
where, MWL and MWR are the mass of the LH and RH gauge bosons respectively.
• Significant Contribution can also arise due to the mixed helicity diagrams, mediated
by both WL and WR (λ contribution) and from diagrams mediated by WL−WR mixing
(η contribution), the amplitudes of which are given as,
Aλ ∝ G2F
∑
i
(
MWL
MWR
)2 UeiT∗ei
p
,Aη ∝ G2F
∑
i
tanξ
UeiT
∗
ei
p
, (50)
where ξ is the L-R gauge boson mixing parameter as described earlier.
• Further, there is also the scalar triplet (∆L,R) contributions to NDBD by the media-
tions of WL and WR gauge bosons respectively, the amplitude of which depends upon
the masses of these gauge bosons and given by,
A∆L ∝ G2F
(
Mν
II
)
ee
M++∆L
2 ,A∆R ∝ G2F
(
MWL
MWR
)4
Vei
2Mi
M++∆R
2 (51)
where the contribution from left triplet scalar is negligible due to smallness of vL as
well as the smallness of light neutrino mass contribution coming from type II seesaw.
The particle physics parameters governing NDBD for the different contributions (ignoring
the left triplet Higgs contribution) in LRSM we have considered are given by,
|ην | = 1
me
∑
i
U2eimi (52)
∣∣ηLNR∣∣ = mp∑
i
S2ei
mi
(53)
∣∣ηRNR+∆R∣∣ = mp(MWLMWR
)4(∑
i
V 2ei
Mi
+
∑
i
V 2eiMi
M∆R
2
)
(54)
|ηλ| =
(
MWL
MWR
) ∣∣∣∣∣∑
i
UeiT
∗
ei
∣∣∣∣∣ . (55)
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|ηη| = tan ξ
∣∣∣∣∣∑
i
UeiT
∗
ei
∣∣∣∣∣ . (56)
In the above equations, mp and me are the mass of the proton and electron respectively. It
is seen that the amplitudes of these processes are mostly dependent on the mixing between
neutrinos, the mass of the heavy neutrinos, Ni, the mass of the gauge bosons, WL
− and
WR
−, mass of doubly charged scalars triplet Higgs, ∆L and ∆R as well as their coupling to
leptons, fL and fR. The total analytic expression for the inverse half-life governing NDBD
considering all the dominant contributions that could arise in LRSM is given by,[
T 1
2
0ν
]−1
= G0ν(Q,Z)
(∣∣M0νν ην +M0νN ηLNR∣∣2 + ∣∣M0νN ηRNR +M0νN η∆R∣∣2 + ∣∣M0νλ ηλ +M0νη ηη∣∣2) ,
(57)
In the above expression, G0ν(Q,Z) represents the phase space factor and M0ν is the nuclear
matrix element which have different values for different contributions which is shown in
tabular form in table III [96].
Isotope G0ν(Q,Z)(yr−1) M0νν M0νN M
0ν
λ M
0ν
η
76Ge 5.77×10−15 2.58-6.64 233-412 1.75-3.76 235-637
136Xe 3.56×10−14 1.57-3.85 164-172 1.92-2.49 370-419
TABLE III. The different values of PSF and NME for different nuclei used in NDBD experiments.
V. CHARGED LEPTON FLAVOUR VIOLATION IN LRSM
Charged lepton flavour violation arises in the SM at one loop level and remains suppressed
by the smallness of neutrino masses, much beyond the current and near future experimental
sensitivities. Therefore, any experimental observation of such processes is definitely a sign
of BSM physics, like the one we are studying here. For a review of CLFV in SM and
beyond, please refer to [100]. Though usual light neutrino contribution to CLFV is negligible,
presence of heavy neutrinos in BSM frameworks can give rise to observable CLFV [92, 95, 97,
101–108]. In LRSM, sizeable CLFV occurs dominantly due to the contributions arising from
the additional scalars and the heavy neutrinos. Among the various processes that violate
lepton flavour, the most relevant ones are the rare leptonic decay modes of the muon, notably,
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(µ→ eγ) and (µ→ 3e). The best upper limit for the branching ratio (BR) of these processes
are provided by MEG collaboration [109] and SINDRUM experiment [110] which provide
the corresponding upper limit as BR (µ→ eγ) < 4.2×10−13 and BR (µ→ 3e) < 1.0×10−12
respectively.
Adopting the notations of [92, 97] the branching ratio of the process µ → 3e mediated
by doubly charged scalars can be written as
BR (µ→ 3e) = 1
2
∣∣h′µeh′ee∗∣∣2
(
MWL
4
M++∆L
4 +
MWR
4
M++∆R
4
)
, (58)
where h′ij describes the respective lepton-scalar couplings given by,
h′ij =
3∑
n=1
VinVjn
(
Mn
MWR
)
, i, j = e, µ, τ. (59)
with V being one of the lepton mixing matrices given in (17).
The branching ratio for the CLFV process µ→ eγ is given by (as explained in [97]),
BR (µ→ eγ) = 3αem
2Π
(
|GγL|2 + |GγR|2
)
, (60)
where, αem is the fine structure constant defined as αem =
e2
4Π
, GγL and G
γ
R are the form
factors given by,
GγL =
3∑
i=1
(
Sµi
∗SeiG
γ
1(xi)− VµiSeiξeiζGγ2(xi)
Mi
mµ
+ VµiVei
∗yi
[
2
3
M2WL
M2
∆L
++
+
1
12
M2WL
M2
∆L
+
])
(61)
GγR =
3∑
i=1
(
VµiVei
∗|ξ|2Gγ1(xi)− Sµi∗Vei∗ξe−iζGγ2(xi)
Mi
mµ
+ VµiVei
∗
[
M2WL
M2WR
Gγ1(yi) +
2yi
3
M2WL
M2
∆R
++
])
.
(62)
In the above equations, the terms xi =
(
Mi
MWL
)2
and xi =
(
Mi
MWR
)2
, M∆L,R are the masses of
the left and right scalar triplets, Mi(i = 1, 2, 3) are the masses of the right-handed neutrinos.
V is the mixing matrix of the right-handed neutrinos given in (17). ζ is the phase of the VEV
k2 which we consider to be negligible, whereas the left-right gauge boson mixing parameter,
ξ is also very small 6 10−6 in our case. S being the light-heavy neutrino mixing as defined
in 18. Again the loop functions Gγ1,2(a) are defined as,
Gγ1(a) = −
2a3 + 5a2 − a
4(1− a)3 −
3a3
2(1− a)4 lna (63)
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Gγ2(a) =
a2 − 11a+ 4
1(1− a)2 −
3a2
(1− a)3 lna (64)
Recently the MEG collaboration has reported a new stringent upper bound on the decay
rate of the process µ → eγ. The BR ratio for this LFV process as given by MEG is
< 4.2× 10−13 at 90% CL [109]. While for the process µ→ 3e it is < 1.0× 10−12 as obtained
by the SINDRUM experiment [110].
VI. NUMERICAL ANALYSIS AND RESULTS
For our numerical analysis, we first parameterize the light neutrino mass matrix in terms
of the Pontecorvo-Maki-Nakagawa-Sakata (PMNS) leptonic mixing matrix which is related
to the diagonalizing matrices of neutrino and charged lepton mass matrices Uν , Ul respec-
tively, as
UPMNS = U
†
l Uν (65)
The PMNS mixing matrix can be parametrized as
UPMNS = UL =

c12c13 s12c13 s13e
−iδ
−c23s12 − s23s13c12eiδ −c23c12 − s23s13s12eiδ s23c13
s23s12 − c23s13c12eiδ −s23c12 − c23s13s12eiδ c23c13
P (66)
where cij = cos θij, sij = sin θij and δ is the leptonic Dirac CP phase. The diagonal matrix
UMaj = diag(1, e
iα, eiβ) contains the Majorana CP phases α, β which do not play any role
in neutrino oscillations and hence are not constrained by neutrino data. In the diagonal
charged lepton basis, considered in this work, we can write the light neutrino mass matrix
as
Mν = UPMNSMν
(diag)UPMNS
T (67)
where Mν
(diag) = diag(m1,m2,m3). We first implement the texture zero conditions on the
light neutrino mass matrix and numerically solve the texture zero conditions to find the
allowed parameter space. As pointed out earlier, there are six one zero texture possibilities
whereas out of fifteen possible two zero textures, only six are compatible with neutrino and
cosmology data which are labelled here as A1, A2, B1, B2, B3 and B4. Out of the nine
parameters of the neutrino mass matrix, five are fixed by experimental measurements of
the two mass-squared differences and three mixing angles. The remaining four parameters
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namely, mlightest = m1(NO)(m3(IO)), δ, α, β which are not measured yet, can be predicted
by the texture zero conditions. This is possible in two zero texture cases particularly,
because of two texture zero conditions which give rise to four real equations that can be
solved simultaneously to find four unknown parameters. We vary the five known parameters
randomly in the 3σ range using the recent global fit [13]. Using the latest data, we found
that out of the previously allowed six possible two zero textures, A2 for both NO and IO and
A1 (IO) are disallowed. We consider the allowed ones for our analysis for NDBD and CLFV.
For representative purpose, we show some correlations between light neutrino parameters
coming out from the two zero texture conditions in figure 5, 6, 7. Similar correlation plots
were obtained in earlier work [57].
In minimal LRSM, the neutrino mass is given by equation (11) where the first and second
terms represent the type II and type seesaw mass terms respectively. γ is the dimensionless
parameter that appears from the minimization of the scalar potential, defined before. We
have fine-tuned the dimensionless parameter γ = 10−9 with a view to obtaining the neutrino
mass of the order of sub eV. This is chosen particularly to keep the right-handed neutrino
masses in the desired range. The right-handed neutrino mass matrix, defined earlier, is
MRR =
√
2vRfR =
vR
vL
Mν
II =
v2R
γv2SM
Mν
II . The choice of vR for a few TeV WR mass, and type
II seesaw term at sub-eV scale, the chosen value of γ keeps the right-handed neutrino mass
above 1 GeV. This is required to ensure that for the heavy neutrino mediated processes of
NDBD, the masses of mediators remain above the typical momentum exchange of the process
∼ 100 MeV. For heavy neutrino masses below this scale, the contribution to NDBD will be
different, see for example [111]. Recent ATLAS and CMS data enforce the WR boson to be
heavier than about at least 3 TeV, the exact bound depending on the right-handed neutrino
sector [42–46]. We consider it to be MWR = 4.5 TeV, which satisfy the latest collider bounds
[112] for our chosen values of right-handed neutrino mass spectrum. All other relevant
parameters of minimal LRSM which are used in the calculations are shown in table IV.
It is worth noting that the chosen doubly charged scalar masses respect the latest bounds
from collider experiment. On the basis of the results of the ATLAS searches for same-sign
dileptonic new physics signals [113], there is a lower bound on the masses of the doubly-
charged scalars ∆±±L and ∆
±±
R . Assuming that the branching ratios into electronic and
muonic final states are both equal to 50%, the SU(2)L and SU(2)R doubly-charged Higgs-
boson masses have to be larger than 785 GeV and 675 GeV respectively. Our conservative
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lower bound on charged scalars from these triplets agree with all such experimental data.
Having determined the light neutrino parameters which satisfy the two zero texture con-
ditions, we then numerically determine the elements of MD,MRR for the chosen textures.
We then use the corresponding MD,MRR as well as the light neutrino mass matrix for com-
puting the relevant contributions to NDBD and CLFV. For NDBD mediated by the light
Majorana neutrinos, the half-life of the decay process is given by,
Γ0νββ
ln2
=
(
TOν1/2
)−1
= GOν
∣∣M0ν∣∣2 ∣∣∣∣meffνme
∣∣∣∣2 (68)
Γ represents the decay width for 0νββ decay process. where me is the electron mass and
the terms G0ν and |M0ν | represents the phase space factor and the nuclear matrix elements
respectively which holds different values as shown in table III. The effective light neutrino
mass is given by
meffν = U
2
Leimi (69)
where, ULei are the elements of the first row of the light neutrino mixing matrix. There
are contributions coming from heavy right-handed neutrinos and right scalar Higgs triplets,
both having exchange of WR bosons. The effective neutrino mass corresponding to these
dominant contributions is given by,
mN+∆R
eff = p2
MWL
4
MWR
4
URei
∗2
Mi
+ p2
MWL
4
MWR
4
URei
2Mi
M∆R
2 . (70)
Here, 〈p2〉 = mempMNMν is the typical momentum exchange of the process, where mp and
me are the mass of the proton and electron respectively and MN is the nuclear matrix
element corresponding to the right-handed neutrino exchange. We have also considered the
momentum dependent contributions to NDBD i.e., the λ and η contributions to NDBD.
The particle physics parameter that measures the lepton number violation in case of λ and
η contribution, are given by equations 55 and 56. The effective Majorana neutrino mass due
to λ and η contribution is thus given by,
Mλeff =
ηλ
me
,Mηeff =
ηη
me
. (71)
We evaluated the half-lives for the different contributions to NDBD with respect to the
elements in MD and MRR as well as for the total contribution using equation 57, for the
classes A1 (NO) and B1, B2, B3, B4 (NO and IO). The half-lives corresponding to the
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individual contributions in the LRSM framework are shown in figures 9 to 18 and the half-
life from the total contribution is shown in figure 19 to 23. Apart from the light neutrino
contribution, we show the individual as well as a total contribution to half-life in terms of
the parameters in MD,MRR for the chosen classes discussed in section III. The parameters
a1, a2, a3, b1, b2, b3, c1, c2, c3 correspond to different entries in different chosen textures of
MD while w, x correspond to non-zero entries in MRR.
Parameter Value
γ 10−9
ξ 10−6
M∆R++ ≈M∆L++ ≈M∆L+ 1 TeV
MWL 80 GeV
MWR 4.5 TeV
TABLE IV. The numerical values of different parameters in minimal LRSM adopted in our nu-
merical analysis
From figure 5 to 7, we have shown the correlation between different neutrino parameters
in the framework of LRSM for both normal and inverted hierarchies. Figures 9 and 10
represent the half-life governing NDBD for different individual contributions in LRSM for
the class A1. Furthermore, due to [Mν ]ee = 0, the standard light neutrino contribution does
not arise in this case. Again, as seen in equation 39, [MRR]ee = 0 for the class A1, so the
heavy neutrino contributions mediated by right-handed currents also cease to exist in this
case. Due to the inconsistency of IO with experimental data, we have analysed only for the
normal case. In figures 11 and 12, we have shown the half-life for the class B1 for both the
mass hierarchies. However, it is seen that the mixed contributions do not arise in this case as
the factor governing NDBD for the left-right mixing,
[
MDM
−1
RR
]
ee
is almost negligible in this
case. Similar results hold for the classes B2, B3 and B4. For the classes, B2, B3 and B4 we
have shown the individual contributions in figures 13 to 14, 15 to 16, 17 to 18 respectively.
We have also shown the total contributions to NDBD in LRSM scenario in the figures 19 to
23 for the different allowed classes of two zero texture neutrino mass. In all the classes, we
have varied the half-life governing NDBD with the parameters in the Dirac and Majorana
mass matrix MD and MRR and compared with the experimental lower limit provided by
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the KamLAND-Zen experiment [99]. In figure 8 we have shown the standard light neutrino
contribution to half-life as a function of the sum of the absolute neutrino masses considering
the PLANCK bound
∑
i|mi| < 0.12 eV [14]. From the figures, we can conclude that only
NO satisfies the experimental bounds for all the classes, B1-B4. In figure 24, we plotted the
total contribution to NDBD with the lightest right-handed neutrino mass with a view to
seeing the parameter space of the heavy RH neutrino mass satisfying NDBD.
Furthermore, we have also evaluated the branching ratio of the CLFV process µ → eγ
with respect to the elements of MD and MRR for the different classes of two zero texture
neutrino mass for both normal and inverted hierarchies. For calculating the BR, we used the
expression given in equation (58). The relevant calculations were done by diagonalizing the
right- handed neutrino mass matrix and obtaining the mixing matrix element, Vij and the
eigenvalues Mi. The results obtained have been summarized in the figures 25 to 29 where the
BR is plotted as a function of parameters in MD,MRR, along with the comparison with MEG
upper bound. Furthermore, we have also studied the BR for the LFV process (µ→ 3e) and
show the results in figure 30 with the parameters in MD and MRR for the different classes
and compared with the experimental upper bound provided by the SINDRUM experiment.
The BR for both the CLFV processes have strong dependence on the right-handed neutrino
mixing matrix structure. Interestingly, we see that IO occupies very less parameter space
within experimental bound in comparison to NO. For the class B4, all the parameter space
is ruled out by MEG upper limit. For the process (µ→ 3e), the BR is controlled by h′µeh′ee∗
which vanishes for the classes A1, B2, B3 and B4 due to vanishing h′µe because of the
structure of MRR. Whereas for the classes B1, using the structures of MD and MRR as
shown in equation 42 we arrive at the BR as shown in figure 30. Again, we can see from
our analysis that the observables for NDBD and CLFV are highly dependent on the Dirac
and Majorana mass matrices and their structures which are again different for the different
classes of the two zero texture light neutrino mass matrix.
It is worth mentioning that several earlier works [89, 95] found that the NDBD and
CLFV limits induce a hierarchy between the mass of the SU(2)R scalar bosons and the
mass of the heaviest right-handed neutrino that must be 2 to 10 times smaller for MWR =
3.5 TeV. These bounds are however derived under the assumption that light neutrino mass
arises from either a type I or a type II seesaw mechanism. Considering a scenario with a
combination of type I and type II seesaw mechanisms (as in this work) enables us to evade
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those bounds, as also pointed out earlier by [92, 93]. The SU(2)R triplet scalar masses are
allowed to be even smaller than the heaviest right-handed neutrino mass. Right-handed
neutrinos could nevertheless be indirectly constrained by neutrinoless double-beta decays
and cosmology [114–116].
The constraints from NDBD and CLFV can be complementary to the collider bounds on
LRSM, as pointed out by several works including [117, 118]. For example, NDBD constraints
can rule out some part of the parameter space in the plane of the lightest right-handed
neutrino mass MN and WR mass where the LHC limits [112] are weak. As can be seen from
the plots of figure 24, NDBD constraints can rule out lightest right-handed neutrino mass
as low as 1 GeV, which remains allowed from LHC limits on same sign dilepton searches
[112]. This also agrees with the estimates derived in the earlier works mentioned above.
In another recent work [119], prospects of probing the MN −MWR plane to a much wider
extent at several experiments including future colliders and future NDBD experiments were
considered. Even in these studies, the collider and NDBD sensitivities were found to be
complementary with NDBD experiments putting stronger limits on low MN ≤ O(10 GeV)
while colliders can probe high mass region MN ∼ O(TeV).
FIG. 5. Correlation between light neutrino parameters in NO case.
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FIG. 6. Correlation between neutrino parameters in NO case.
FIG. 7. Correlation between neutrino parameters in NO case.
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FIG. 8. Light neutrino contribution to half-life governing NDBD as a function of the sum of
light neutrino mass. The solid blue (vertical) and black (horizontal) line represents the Planck
upper bound of sum of absolute neutrino mass and the KamLAND-Zen lower limit on half-life
respectively.
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FIG. 9. λ contribution to half-life governing NDBD as a function of model parameters for the class
A1. The horizontal line represents the KamLAND-Zen lower limit.
FIG. 10. η contribution to half-life governing NDBD as a function of model parameters for the
class A1. The horizontal line represents the KamLAND-Zen lower limit.
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FIG. 11. Heavy ν (N) contribution to half-life governing NDBD as a function of model parameters
for the class B1. The horizontal line represents the KamLAND-Zen lower limit.
FIG. 12. Heavy ∆R contribution to half-life governing NDBD as a function of model parameters
for the class B1. The horizontal line represents the KamLAND-Zen lower limit.
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FIG. 13. Heavy ν (N) contribution to half-life governing NDBD as a function of model parameters
for the class B2. The horizontal line represents the KamLAND-Zen lower limit.
FIG. 14. Heavy ∆R contribution to half-life governing NDBD as a function of model parameters
for the class B2. The horizontal line represents the KamLAND-Zen lower limit.
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FIG. 15. Heavy ν (N) contribution to half-life governing NDBD as a function of model parameters
for the class B3. The horizontal line represents the KamLAND-Zen lower limit.
FIG. 16. Heavy ∆R contribution to half-life governing NDBD as a function of model parameters
for the class B3. The horizontal line represents the KamLAND-Zen lower limit.
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FIG. 17. Heavy ν (N) contribution to half-life governing NDBD as a function of model parameters
for the class B4. The horizontal line represents the KamLAND-Zen lower limit.
FIG. 18. ∆R contribution to half-life governing NDBD as a function of model parameters for the
class B4. The horizontal line represents the KamLAND-Zen lower limit.
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FIG. 19. Total contribution to half-life governing NDBD as a function of the model parameters
for the class A1. The horizontal line represents the KamLAND-Zen lower limit
FIG. 20. Total contribution to half-life governing NDBD as a function of the model parameters
for the class B1. The horizontal line represents the KamLAND-Zen lower limit.
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FIG. 21. Total contribution to half-life governing NDBD as a function of the model parameters
for the class B2. The horizontal line represents the KamLAND-Zen lower limit.
FIG. 22. Total contribution to half-life governing NDBD as a function of the model parameters
for the class B3. The horizontal line represents the KamLAND-Zen lower limit.
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FIG. 23. Total contribution to half-life governing NDBD as a function of the model parameters
for the class B4. The horizontal line represents the KamLAND-Zen lower limit.
FIG. 24. Total contribution to half-life governing NDBD as a function of the lightest right handed
neutrino mass.
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FIG. 25. BR for µ→ eγ as a function of model parameters for the class A1. The horizontal line
represents the upper limit for BR given by MEG experiment.
FIG. 26. BR for µ→ eγ as a function of model parameters for the class B1. The horizontal line
represents the upper limit for BR given by MEG experiment.
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FIG. 27. BR for µ→ eγ as a function of model parameters for the class B2. The horizontal line
represents the upper limit for BR given by MEG experiment.
FIG. 28. BR for µ→ eγ as a function of model parameters for the class B3. The horizontal line
represents the upper limit for BR given by MEG experiment.
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FIG. 29. BR for µ→ eγ as a function of model parameters for the class B4. The horizontal line
represents the upper limit for BR given by MEG experiment.
FIG. 30. BR for µ→ 3e as a function of model parameters for the class B1. The horizontal line
represents the upper limit for BR given by SINDRUM experiment.
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Class NDBD (Total half-life) BR(µ→ eγ) BR(µ→ 3e)
A1(NO/IO) X(×) X(×) X(X)
B1(NO/IO) X(X) X(X) X(X)
B2(NO/IO) X(X) X(×) X(X)
B3(NO/IO) X(X) X(X) X(X)
B4(NO/IO) X(×) X(×) X(X)
TABLE V. Summary of allowed and disallowed textures. The X and × symbol are used to denote
if the observables (NDBD/CLFV) are (not are) within the current experimental upper limit.
Class νL NR
R NR
L ∆R λ η BR(µ→ eγ) BR(µ→ 3e)
A1 NO
B1 NO(IO) NO(IO) NO(IO) NO(IO) NO(IO)
B2 NO NO(IO) NO(IO) NO(IO) NO
B3 NO(IO) IO NO(IO) NO(IO)
B4 NO NO(IO) NO(IO) NO
TABLE VI. Summarised form of the results only for the allowed cases pointing out the individual
contributions to NDBD as well as the total CLFV contributions which can saturate corresponding
experimental upper limits for both NO and IO. The empty boxes correspond to the contributions
which remain subdominant.
VII. CONCLUSION
We have studied the possibility of texture zeros in lepton mass matrices of the minimal
left-right symmetric model where light neutrino mass arises from a combination of type
I and type II seesaw mechanism. Considering the allowed texture zeros in light neutrino
mass matrix, we list out all possible texture zero possibilities in Dirac and heavy neutrino
mass matrices which play a role in type I and type II seesaw mechanism. After making
this exhaustive list in table I, we consider, for our numerical studies, the possibility with the
maximum allowed zeros in Mν , MD and MRR while keeping the rank of the latter three. After
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finding the allowed parameter space for two zero textures in light neutrino mass matrix Mν ,
we then evaluate the elements of MD,MRR by choosing an optimistic MWR = 4.5 TeV while
keeping the right-handed neutrino masses above 1 GeV. We then evaluate the contributions
to NDBD half-life as well as CLFV decays µ → eγ, µ → 3e and constrain the texture zero
mass matrices from the relevant experimental bounds. The summary of our results is shown
in table V. It is seen that out of all the cases considered with 5-0 MD and 4 − 0 MRR,
only A1 (NO), B1 (NO/IO), B2 (NO), B3 (NO/IO), B4 (NO) are allowed from both NDBD
and CLFV constraints while the others are disallowed by at least one of the constraints.
In table VI, we further show the allowed cases pointing out the individual contributions
to NDBD and total contributions to CLFV which can saturate the current experimental
upper bound, keeping them sensitive to ongoing and future experiments. It is interesting
to note that even for the most conservative lower bound on left-right symmetry scale that
is MWR = 4.5 TeV from collider experiment, the complementary bounds from rare decay
experiments can rule out several texture possibilities while keeping the allowed ones sensitive
to upcoming experiments. We performed our study from a phenomenological point of view
keeping the framework as minimal as the minimal LRSM. We leave a more detailed study of
these interesting texture zero scenarios within additional flavour symmetry for an upcoming
work.
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